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compound and a photoinitlator. The photoinrUator includes an anionic dye reactive counter ion complex and an 
onium salt and is capable of cationically polymerizing or depolymerizing the polymerizable or depolymenzable 
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pp. 1217, 1219 (1978); Goethels, ed., "Cationic Polymerization and Re 
275 (1984); Crivello and Lee, Macromolecules, 14 , 1141 (1981); Yagci et al., hi 
Commun., 8 , p. 209 (1987); and Maklomol. Chem, Symp. , 13/14 , p. 161 (1988). 
than unity have been reported for the indirect electron transfer process. The photogenerated radicals frc 
the sensitizer induce chain decomposition of onium salts and generate high yields of oa"™" 

Few of the above references describe or suggest the use of visible light free radii 
the radical promoters for onium salt decomposition at wavelengths greater than 500 ran. a 
references disclose or suggest the use of photoinitiators such as cationic dye-borate ar 

flon throughout the entire visible spectrum and into the ne»' 1 '*= rarf « 

id cationically polymerized nrr*~ J "'~ : - 1 




on complex in our photoinitiator en 
m 400 nm and through th 
Be theory, wi 1 

yn exposure of the ionic dye re: 

»oS a free radical. The free radical men uoiimoio <m •« »~ 

e the cation has been released, it then polymerizes or depolymerizes the polymenzable or de- 
■ -- -—- ■ '--nism as the indirect electron transfer by 

a photohardenable or photosoftenable 
irised irTcomprising: a cationically polyrrierizable or depolymerizable compound, and a 
ig an Ionic dye reactive counter ion complex and an onium salt and being capable of 
or depolymerization of said polymerizable or depolymerizable compound 
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impregnated tapes, printing p! 



epoxy functional silicone oligomers. 

Examples of cationically polymerizable epoxy compounds 
oligomer* or polymeric epoxy material containing one or a plurality ot epoxy runcuu,™ g.uu^. ™ 
example, those resins which result from the reaction of bisphenoM (4,4 -isopropyhdenediphenol) and 
epichlorohydrin, or from the reaction of low molecular weight phenol-formaldehyde resins (Novolak resins) 
with epichlorohydrin, can be used alone or in combination wtth an epoxy containing compound asareacbve 
diluent Such diluents as phenyl glycidyl ether, 4-vinylcyclohexene dioxide, limonene dioxide, 1,2-cyclohex- 
ene oxide, glycidyl acrylate, glycidyl methacrylate, styrene oxide, allyl glycidyl ether, etc., may be added as 
of these compounds can be extended to Include polymeric materials coining 
terminal or pendant epoxy groups. Examples of ^£^^<Z^£^J£% 
is and epoxy-polyesters. Such polymers usually have 
ns and the method for making them 
n. Chem. Soc. 81 632-5 (1959), and 

Fn W^toetZ Proceeding ACS, PMSE, 60 , 217 (1989). As described in the literature, epoxy resins can 
also be modified in a number of standardways such as reactions with amines, carboxylic acids, thiols, 
~" * in U.S. Patent Nos. 2,935,488; 3,235,620; 3,369,055; 3,379,653; 3,398,211; 

mples of er 
>gy. Vol. 6, 

rs which can be used in the 



acenapthylene, 1 and 2-vinyl napthylene; 9-vinyl 

cycloaliphatlcs such as vinylcyclohexane, vinylcyclopropane, 1-phenyvinylcyclopropane. 
^tfTTny^^ be used are, for exampte, OH-OH*^ 

CH = CH 2 , where n Is a positive integer having a value up to about 1000 ^ 9h ^^";^n 
h as 1,2.3-propane trivinyl ether, trimethylolpropane trrvmyl ether, polyethylenegtycol 
divinylether (PEGDVE), triethyleneglycol drvinyl el 





EP 0 408 227 A1 



pendant ethytenic unsaturation. Such compounds are 
"ic esters of polyhydric alcohols such as trimethylol- 
propane pentaerythritol and the like; and acrylate or methacrylate terminated epoxy resins, acrylate or 
methacrylate terminated polyesters, 'etc. Representative examples include ethylene glycol diacrylate, 
ethylene glycol dimethacrylate, trimethylolpropane trtacrylate (TMPTA), pentaerythrrtol tetraacrylate, pen- 
taerythritol tetramethacrylate, dlpentaerythrltol hydroxypentacryiate (DPHPA), hexanediol-1, 6- 
i dimethacrylate. and diethyleneglycol dimethacrylate. For example, » '« <™fnmniat, 




hi cBuumm-i , ""S 242 , p. 3 (1984) and Fr — 

pol yethers as discteedby Goethals, E.J., "The Formation of Cyclic Oligomers in the Cationic Polymeriza- 
tion of Heterocyclics," Adv. Poly. Sd. , V" - - 

Oftheaf< 




jy allyHc polycarbonates (see C.G. Wilson, J. Electrochem. Soc. , 133 , 181 (1986) . and 

Frechet, Proceedings, SPE Phatopolymer Conference, p. 1 (1985)). 

Our present compositions additionally include a cationic photoinitiator which compnses anionic dye 

' e3C G^^X^^ P ^"^Z^^ kno™ i" the art and comprise one type of useful ionic dye 
, reactive counter ion complex. Their preparation and use in imaging systems is described in U.S. Pat Nos. 
3567 453; 4,307,182; 4,343.891; 4,447,521; 4,450,227; and 4,772.541. One set of complexes useful in 
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:h (R=al)cyl or acyl) 



form photoreducible but dark stable complexes wrth borate anions and can be a 

thine triarvlmethane indoiine, thiazine, xanthene, oxazine and acndine dyes, wore si 

may' be cationic cyanine, hemicyanine, dicarbocyanine trie 

;. In addition to being cationic, the dyes should not contain g 
„«, „.e complex or render the complex poorly dark stable. Exampl 
be present in the dye are acid groups such as free carboxylic or su 
d examples of useful cationic dyes are cyanine dyes of the genera 



= 0, 1. 2. or 3 

-l(R = alkyl).C(CH 3 )2, U, b, se^ 

Include -NlCrfefc, -Nrte, -OH. 



-OCH3. -C(CH 3 )3 and -CH,. Examples of electron withdra-rfrKj ^ JTlCr^ NOV 
- - - ■ COOH -C00R(R=alkyl).-C0CH3,-CF3,-CN,-SO2CH 3 and-NO2. 

an opportunity to test them yet the specific cationic cyanine dyes disc 



include -CsHs.-r 



US T^e' * me borany, ratfc* generated upon ex,»sure to and aner 
electron transfer to the dye readily dissociates with the formation of a radical as follows: 
BR*"*-* BR3 + R" 2 3 . Rt . f orm ula (I) is an alkyl group. 

atoms More preferably R'-R* are a combination of alkyl group(s) and aryl group(s) or aralkyl group s) and 
^^.^Kr^-nhinati-.n of three „z itute I aryl groups and one alkyl group and even sWI more 



' preferably a combination of three substituted aryl groups and ^^^^'^^^^ 
........ i n«vips represented by R -R^ are methyl, ethyl, propyl, butyl, perrty^, 



hexyl, octyl, stearyl, tert-butyl, sec-buty, neopentyl, etc. The alkyl groups nrn 
by one or more halogen, cyano, acyloxy, acyl, alkoxy or hydroxy groups. R 
alkoxymethyl and aroxymethyl groups include -CrteOR, -CHfORfe. 
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free radical should have an oxidation potential less than -1.0 volts, and more preferably, less than -0.7 volts. 
Examples of borate anions capable of producing suitable free radical species are shown in formula (111). 



ARaBR" (III) ^ 
R=, benzyl, methylbenzyl, 1-methyl-1-phenylethyl, diphenylmethyl. 1,1-diphenylethyl, 9-fluorenyl, tert-butyl, 
sec-butyl, simple and substituted allyl, methoxymethyl, 1-ethoxyethyl, 2-isopropoxy-2-propyl, 2- 
tetrahydrofuranyl, 1, 4-dioxolan-2-yl, 1 ,3-dioxolan-2-yl. 1,3-dioxolan-4-yl, 1,3,5-trioxan-2-yl, or 




CC^DQ 



:xx;pc 
6 



methyl n-butyl phenyl 

methyl n-hexyl phenyl 

n-butyl n-butyl phenyl 

n-butyl n-hexyl phenyl 

n-heptyl n-butyl phenyl 

n-heptyl n-hexyl phenyl 

ethyl n-butyl phenyl 




methyl n-butyl phenyl 

methyl n-hexyl phenyl 

n-butyl n-butyl phenyl 

ID n-butyl n-hexyl phenyl 

IE n-phenyl n-butyl phenyl 

n-pentyl n-hexyl phenyl 

1G n-heptyl n-butyl phenyl 

n-heptyl n-hexyl phenyl 

11 methyl n-butyl anisyl 



n-heptyl sec-butyl phenyl 

n-heptyl cyclopentyl phenyl 

n-heptyl neopentyl phenyl 

n-heptyl ben2yl phenyl 



I ' 

e- (?" 



n-heptyl 

n-'heptyl 
n-heptyl 



n-butyl 
sec-butyl 



n-butyl 
n-butyl 
n-butyl 



OCH 3 
OCH3 



phenyl 
phenyl 
phenyl 
phenyl . 

phenyl 
phenyl ' 



[RIO.I-.RI'l.D-" (|V) 



where D" is an anionic dye and R'° and R" are independently selecte. 
aromatic nucteii such as phenyl or naphthyl or R'° and R" together form a 
is 1 or 2, are useful in practice of the present im " 



id 



re D" and n are as defined above and * represents a phenyl group, are ate 
,12 R i3 r«s]„ (VI) 

re D and n are defined as above and R« R" and R» represent aliphatic or 
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s + Br 4 -, 



Particularly preferred sulfonium salts are 4-(phenyHhio)phei 

Ar 

H3C-S + -H 2 CC(C 6 H5)-CtCN)2, 

CHi 



axc-ch 2 -s + C^ r1 



R3 R« 

, where R, R\ R 2 , R3, R«, R s = alkyl. aryl, alkaryl, etc. and wherein Ar is an aryl group including one ( 



(C 6 H 5 ) 3 P^-@— C — {oV~ R 
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Dolvmerizeordepolymerizettiepolymerizableordepolymerizableco 

poiymenze or ™v » . f te substituents present in the different components. For ex 

problems are pnmanh, a ^^ n °^ h ^ |izing 1 ^^i-n-heptyl-3,3.3\3>tramethylindocarb<«yanin e 



P refe3.Spl ? of J ,o«oad^ 



££££ T„ *b extent neoessa™ .he teachings of that application are hereby incorporated by 

characteristics such that particles exposed to radie'™ 1 
• an image-receiving sb 

lid European Application N< 

solid solution or mixture of the two materials. Alternatively, the microparticles are to 
pigment or dyed particle with a layer of a phototackifiable composWon^ 
Thtft photosensitive compositions used In forming the microparbcl 
into discrete particles and the property of 
n. Compositions having these properties an 



is coated on a support and the 

S d^aT Where the" sotvent used is immiscit*, in water, it is preferabty removed prior 



In a particularly preferred use, the inventive 

color images. Several processes can be usei. ~ 

^AttTonfset^ or microparticfcs in a M co,or ^posmon 

i^lT.W dye reacSve counter ion complex onium saK photoMator. The other sets also may 



ir imaging system is provided in which th 
3 cyan, magenta and i 
green, and blue light respectively. The photosensitive comi 
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tact or projected prints of art 
irs, pencil light sources, fiber i 



nrovides tiiah auality capsules which are responsive to cnanges in me nu»",«, k"«~ — ' 
ZSliry to Ctl^capsulation procedures conducted at higher pH levels (e.g.. greater than about 6) 
" ?[f .^noLformaldehvde and melamine-formaldehyde capsutos with tow oxygen permeabi,*, . are 



.. .sulebycor 

lis be relatively water impermeable 

ur photosensitive material can be used to control the interaction of ■■"-=>- '*j"~° in T, h 

one embodiment, the capsules may contain a benign visible dye In the internal phase in wr. 
,s are formed by contacting the exposed imaging material under pressure withj 
h£Ld to enh ance Us affinity for the visible dye. A benign dye is a colored dye wt 



In a preferred embodiment, images are formed through 
such as a color precursor and a color developer, either 
photohardenable composition and function ai 
colorless electron donating type compounds 



eveioper, enner 01 ™«' >"<■» ™ 1 . 

the image-forming agent In general, these materials incline 
nd are well known In the art The color formers selected must 
react with the cations or acid spedes generated by the 



le for use in this system include base-developable i 



bromofhymol blue. 



>0 (1965) and in Jacobson, hnaginfl Systems , Chapter * *J 
tormina images in silver halide film technology may also be employed, 
are disclosed in the above references, and also m The Color Index, 
s 4,399.209 and 4,440,846, the developer may be P^ 0 " **> P notosBn 
id self-contained system) or 



capsules or microparticles 



se developer but the color former containing 
Tnonly the unexposed or under-exposed an " """ " 
jer mix. Still ar " " 



ik adhesive. The layer of 
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micropartlcies are image-wise exposed to actinic radiation. The exposed layer of microparticles is contacted 
with an image receiving sheet. This can be a sheet of palin paper or a sheet which has been designed by 
coating or preparation to accept or adhere the microparticles. By the application of pressure, the exposed 
microparticles in the exposed areas selectively adhere to the receiver sheet while the unexposed micropar- 
ticles remain on the imaging support. Developing the microparticles on the receiver sheet produces a 
negative image. To produce a positive image, the microcapsules remaining on the imaging sheet may then 
be exposed to radiation and transferred to a receiver sheet Accordingly, a single imaging sheet containing 
photoadhesive microparticles can be used to produce both positive and negative images. 

The image-forming agent need not necessarily be present in the internal phase. Rather, this agent may 
be present in the capsule wall of a discrete capsule or in the binder of an open phase system or in a binder 
or coating used in combination with discrete capsules or an open phase system designed such that the 
image-wise ruptured capsules release a solvent for the Image-forming agent. Embodiments are also 
envisioned in which a dye or chromogenic material is fixed in a capsule wall or binder and is released by 
interaction with the internal phase upon rupturing the capsules. 

The most suitable substrate is a synthetic film and preferably a metallized film. 

The invention is illustrated by the following non-limiting examples. 



A composition containing 3 parts of 1,1 -di-n -heptyl-3,3,3 ,3 -tetramethylindocarbocyarone tri-4- 
fluorophenyl-n-butyl borate and 99.7 parts of triethyleneglycol divinylether (TEGDVE) was coated onto a 
glass microscope slide and was covered with another glass microscope slide. The assembly was exposed 
to light from a 120 watt tungsten halogen light source at a distance of 35 cm. The composUion did not 



of triethyleneglycol divinylether (TEGDVE). The 



The experiment of Example 3 was repeated except that the composition additionally contained about 1 
part of 2.6-diisopropyldimethylaniline (DIDMA), a known autoxidizer material. The composition did not 
photopolymerize, indicating that DIDMA inhibited photopolymerization. 



A composition coating containing .3 parts of 1,1 '-di-n -heptyl-3,3,3 ,3 -tetramethylindccarbocyanine 
!, .79 parts of diphenyliodonium hexafluorophosphate and 98.91 parts of TEGDVE was 




The experiment of Comparative Example 5 was repeated using a composition containing .3 parts of 
Ll'-dhi -heptyl-3,3,3'.3' -tetramethylindocarbocyanine triphenyl-n -butylborate, .79 parts of 
diphenyliodonium hexafluorophosphate and 98.91 parts of TEGDVE. A good dark stability was observed for 
several weeks. The composition was exposed to visible light and completely photopolymerized. 




1. A photohardenable or photosoftenable composition characterized in comprising: a caBonlcally poly- 
merizable or depolymerizable compound, and a phoWniBator including an ionic dye reactive counter ion 
complex and an onium salt and being capable of initiating cationic polymerization or depolymerization of 
said polymerizable or depolymerizable compound upon exposure to actinic radiation. 

2. A composition according to Claim 1. further characterised in that said anionic dye Is selected from 
xanthene and oxonol dyes. 

3. A composition according to Claim 2, further characterised in that said dye is Rose Bengal. 

4. A composition according to any of Claims 1 , 2 or 3, further characterised in that said reactive counter ion 
is selected from iodonium, phosphonium, pyrylium, and sulfonium ions. 

5. A composition according to Claim 1, further characterised in that said ionic dye reactive counter ion 
complex comprises a cationic dye-borate anion complex represented by the formula (I): 
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